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Introduction 
Acoustic recordings of the environment are an important aid to ecologists monitoring biodiversity and 
environmental health. However, rapid advances in recording technology, storage and computing make it possible 
to accumulate thousands of hours of recordings, of which, ecologists can only listen to a small fraction. The big-
data challenge is to visualize the content of long-duration audio recordings on multiple scales, from hours, days, 
months to years. The visualization should facilitate navigation and yield ecologically meaningful information.  
Our approach is to extract (at one minute resolution) acoustic indices which reflect content of ecological interest. 
An acoustic index is a statistic that summarizes some aspect of the distribution of acoustic energy in a recording. 
We combine indices to produce false-colour images that reveal acoustic content and facilitate navigation through 
recordings that are months or even years in duration. 
Calculation of Acoustic Indices 
The first step in constructing false-colour spectrograms of longer duration recordings (several hours and longer) is 
to calculate a set of acoustic indices which describe the spectro-temporal distribution of acoustic energy in the 
recording at one minute resolution. At the present time we slice a recording into one minute segments and 
calculate 14 indices for each segment. The 14 indices are described in Towsey et al (2013). The indices can be 
plotted in a “track diagram” (Figure 1) which shows how the indices fluctuate through the recording. The 
recording that produced Figure 1 was obtained at the Samford Ecological Research Facility (SERF), south-east site, 
on 13th Oct 2010. It is 24 hours long, from midnight to midnight. The morning chorus is clearly visible around 
0445h, as is the evening cicada chorus at 1820h. Note that the indices shown in Figure 1 are derived either from 
one minute waveforms or from standard one minute spectrograms derived from those waveforms.  
 
Figure 1: The values for 14 acoustic indices calculated at one minute resolution obtained from a 24 hour recording (midnight 
to midnight). A time-scale in hours is located at the top and bottom of the image. The bottom track displays a composite 
index derived from a weighted combination of the other indices. The second-bottom track is the output from a recognizer to 
detect a cicada chorus. Note: These images are designed to occupy the width of a computer screen and much detail is lost at 
publication size. More detail in the above and other images can be obtained if the document is enlarged 200-250%. 
 Constructing False-colour Spectrograms 
In order to construct long-duration false-colour spectrograms, it is necessary to calculate an average spectrum for 
each one-minute segment, where each spectrum consists of indices calculated for each frequency bin. For 
example, background noise, temporal entropy, average power, snr and % cover can be calculated for each 
frequency bin over a one minute recording. False-colour spectrograms can then be constructed from the spectra 
so derived. The process is illustrated using a 60 minute recording taken during the evening in a nature reserve 
west of Wellington city, New Zealand (Figure 2). The recording contains two kiwi calls (2-3 kHz), a faint call at 10 
minutes and a louder call at 15 minutes. There is also low frequency noise from city traffic and three aircraft flying 
overhead (0-500 Hz). Four different spectrograms are shown in Figure 2, derived from background noise (left), 
average power (second from left), temporal entropy (third from left) and ACI (fourth from left). It is immediately 
apparent that the indices respond differently to the various acoustic events. For example, background noise 
responds only to passing aircraft whereas ACI values are very low for aircraft events. A grey scale image can be 
derived by combining three indices (third from right) but it does not convey as much information as a false-colour 
image where the colours red, green and blue are assigned to the indices power, H[t] and ACI respectively (second 
from right). We refer to this as a negative image. Alternatively a positive image can be constructed by reversing 
the colour intensities (far right). 
 
Figure 2: The values for 14 acoustic indices calculated at one minute resolution obtained from a 60 minute recording. 
 
 24 hour spectrograms 
Clearly there are a great variety of options for constructing false-colour spectrograms, depending on which 
indices are assigned to which colours. Another important consideration is how the values of the indices are 
normalised. For example, temporal entropy has values which typically vary between 0.8 and 1.0. High values of 
temporal entropy (values close to 1.0) indicate that acoustic energy is dispersed through time. Low values (<0.7) 
indicate concentration of acoustic energy in a brief (few second) event. Therefore when plotting temporal 
entropy we actually calculate 1-H[t] and normalise it between 0.5 and 1.0 in order to highlight brief acoustic 
events. Table 1 displays the minimum and maximum normalization bounds that are typically used to obtain the 
false-colour images in this report. 
Table 1: Normalisation bounds for indices used to construct false-colour spectrograms. 
Index used to construct spectrogram Minimum Bound Maximum Bound 
ACI 0.3 0.7 
Average power -80 dB 0 dB 
Background noise -80 dB 0 dB 
% cover in 500 – 8800 Hz band 0% 30% 
Temporal entropy (1-H[t]) 0.05 0.5 
 
Figure 3 illustrates a 24-hour false-colour spectrogram for the same recording used to calculate the indices in 
Figure 1. 
 
Figure 3: A 24-hour false-colour spectrogram, from midnight to midnight, derived from a combination of 
normalized spectrograms for ACI, 1-H[t] and CVR. Vertical gridlines mark hours. Horizontal gridlines mark 1 kHz 
intervals. 
 
It is important that the three indices chosen for a false-colour image should convey orthogonal acoustic 
information (that is, be as independent as possible). Figure 4 illustrates the individual spectrograms for ACI, H[t] 
and CVR for a four hour period (1600 – 2000h in the spectrogram of Figure 3). Note how the indices highlight 
different features. H[t] responds strongly to calls of the Olive-backed Oriole, because this bird calls only once 
every 5-6 seconds. Strong, infrequent calls have the effect of concentrating acoustic energy. By contrast, ACI 
responds more strongly to the calls of the Striated Pardalote and CVR responds to the continuous cicada chorus at 
1800hrs. H[t] is particularly useful for picking up infrequent night-time calls.  
 
We have explored various combinations of indices and colour-mappings (Figure 5).  
 
Figure 5: The six ways possible to assign three indices to the red, green and blue colour components to produce a negative 
spectrogram. The dawn chorus approaches white in colour because it has high values for all three indices. ‘ten’ = temporal 
entropy of H[t]. ‘aci’ = acoustic complexity index. 
 
Figure 4: The false-colour spectrogram on the right was obtained by combining the ACI, H[t] 
and CVR spectrograms in red, green and blue colours respectively. 
We have also constructed ‘positive’ spectrograms (Figure 6) in which the zero-activity background is white as 
opposed to the black background in Figure 5. Note that in Figure 5 and 6, the three indices in combination are 
ACI, H(t) or TEN and average spectral power (AVG). Replacing CVR (in Figure 3) by average spectral power changes 
the image particularly in the night-time hours. 
 
Figure 6: The six ways possible to assign three indices to the red, green and blue colour components to produce a positive 
spectrogram. The indices are now reverse (that is, subtracted from 1) The dawn chorus approaches black in colour because it 
has low values for all three indices. 
 
As a result of comparing these different options, we now map ACI-H[t]-CVR to R-G-B by default. (CVR = percent 
cover. See Towsey et al, 2013 for more detail on calculation and definition of the indices.) 
 
MP3 Artefacts 
Although MP3 recordings at 128kbps have been found suitable for identifying bird calls, in our experience MP3 
compression sometimes generates artefacts in the reconstituted WAV signals. These in turn lead to meaningless 
index values and spurious shapes in false-colour spectrograms. As a consequence, we have discontinued 
recording in MP3 and use instead the proprietary WAC4 compression format of WildLife Acoustics. However the 
24-hour recording used to generate the spectrograms in Figures 1-6 did not contain MP3 compression artefacts. 
Figure 7 illustrates how MP3 compression artefacts can show up in a 24-hour false-colour spectrogram. 
 
Figure 7: An example of MP3 artefacts in a 24-hour false-colour spectrogram. In this image, ACI-H[t]-CVR are mapped to R-G-
B. The artefacts show in magenta because they have higher values for ACI and CVR. (CVR = % cover) 
 
Rain 
It is possible to recognise particular acoustic phenomena such as heavy tropical rain in a false-colour spectrogram 
(Figure 9). During heavy rain, the background noise increases and low frequency content appears due to large 
rain-drops striking surfaces near the microphone. Rain episodes in Figure 8 occur at 1000h, 1050h, 1450-1620h 
and at 1715h. They can be made to stand out more clearly by changing the index-to-colour mapping. 
 
Figure 8: A 24-hour false-colour spectrogram recorded on the Sunshine Coast, 120km north of Brisbane. This image uses the 
default mapping - ACI-H[t]-CVR are mapped to R-G-B. 
 
 
Figure 9: A positive spectrogram of the same recording as in Figure 8. The rain episodes stand out more clearly in 
yellow.  
 Extended Acoustic Summary Images 
To facilitate navigation through months and years of continuous recording, 24-hour spectrograms will not be 
adequate. For this purpose, we have developed Extended Acoustic Summary (EASY) images. Like the 24-hour 
spectrograms, EASY images map normalized ACI, H[t] and CVR indices to RGB colour values respectively. However 
these images are not spectrograms because frequency information is now lost. Figure 10 shows an EASY image for 
SERF recordings from 14th March 2013 to 10th October 2013, a total of 211 days. Although they cannot convey 
spectral information, they have the advantage of being compact and extensible. Additional days, weeks, months 
can be appended to existing images as long as the values are calculated and normalized in the same way. 
The curved, white lines in Figure 10 indicate civil-dawn and civil-dusk through the autumn, winter and spring 
months. Civil-dawn occurs when the sun is six degrees below the horizon, that is, 24 minutes before sunrise. 
Likewise civil-dusk occurs 24 minutes after sunset. It is apparent that the morning chorus starts with the onset of 
civil-dawn and likewise bird and other sounds diminish rapidly with the onset of civil-dusk. The morning chorus is 
most strong during the months when the sun rises earlier day-by-day and is absent during months when the sun 
rises later. Note that the day having the latest sunrise does not coincide with the day having the earliest sunset. 
Changes of false-colour during the daylight hours through the seasons are attributable not only to animal sounds. 
Seasonal changes in rain and wind also make an impact on the appearance of an EASY image.  
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Figure 10: An extended acoustic summary image for the months March to October, 2013. Horizontal grid lines mark 
the first day of each month. Vertical gridlines are at three hourly intervals. Gray bands indicate missing data. 
 
